Cryptococcus neoformans is an encapsulated yeast-like organism that infects both immunologically competent and immunocompromised individuals. Cryptococcosis ranks in the top four infectious diseases causing death among patients with AIDS (2, 31) . Systemic cryptococcosis is characterized by high titers of cryptococcal polysaccharides in serum and minimal cellular infiltration into the infected tissues of patients (11, 16, 33) . By using a mouse model, we have found that an intravenous injection of the cryptococcal polysaccharides, to simulate the antigenemia seen in cryptococcosis patients, inhibits leukocyte (neutrophil, monocyte, and T lymphocyte) accumulation at the site of a cell-mediated immune reaction (13) . The inhibition of leukocyte infiltration by intravascular cryptococcal polysaccharides occurs irrespective of whether the delayedtype hypersensitivity (DTH) response is to C. neoformans antigen or Mycobacterium tuberculosis antigen (13) . Our findings suggest that the minimal cellular infiltrates observed in infected tissues of patients with cryptococcosis may be due, in part, to the circulating cryptococcal polysaccharides. The fact that high titers of cryptococcal polysaccharides in the sera of patients with cryptococcosis can diminish leukocyte migration in response to stimuli other than C. neoformans may be an important confounding factor in AIDS patients with cryptococcosis.
The mechanisms underlying the inhibitory effects of circulating cryptococcal polysaccharides on leukocyte influx are not clear. It is well known that leukocyte attachment to endothelial cells is an important step for leukocyte extravasation. Leukocyte-endothelial cell interactions are mediated by two different sets of receptor-ligand interactions (7, 35) . One set of receptors involves the selectin family and their ligands and the other involves the integrins and their ligands. It is possible that circulating cryptococcal polysaccharides may down-regulate leukocyte surface expression of functionally important selectins or integrin molecules and/or may block the receptor-ligand interaction by binding to the receptor or the ligand. Any of these interactions of cryptococcal polysaccharides would result in the inhibition of leukocyte attachment to endothelial cells, which in turn would inhibit leukocyte migration into inflammatory sites.
L-selectin is a molecule constitutively expressed on the surface of most leukocytes, including human T cells (22) . It initiates leukocyte attachment to venular endothelium during lymphocyte recirculation through the lymph nodes and during leukocyte recruitment into sites of inflammation (22) . The density of L-selectin on the cell surface is a major determinant of binding activity and entry into tissues. A unique feature of L-selectin is that it is shed from the surfaces of leukocytes after activation of the cells or after cross-linking of L-selectin (20, 30) . Changes in surface L-selectin expression have been found to have profound effects on the migration and location of T cells in vivo (1, 10) . In an earlier study, we found that cryptococcal polysaccharides induce L-selectin loss from the surfaces of human neutrophils (12) . Consequently, we were interested in whether cryptococcal polysaccharides would also down-regulate L-selectin expression on the surfaces of human T cells.
The concentrated supernatant (CneF) from a 5-day culture of C. neoformans contains two polysaccharides, glucuronoxylomannan (GXM) and galactoxylomannan (GalXM), and mannoprotein (MP) (9) . GXM is a high-molecular-weight polysaccharide which is the predominant component of CneF (9, 28) . GXM is also readily detected in sera of patients with disseminated cryptococcosis (11, 16, 33) . The two minor constituents of CneF, GalXM and MP, are most likely also present in body fluids from patients with disseminated cryptococcosis (32) . In our previous studies, we found that GXM, but not GalXM or MP, directly triggers human neutrophils to shed surface L-selectin (12) .
The first objective of this study was to determine whether GXM could directly induce L-selectin shedding from human T cells. After finding that GXM did induce a reduction in Lselectin on the surfaces of human peripheral blood T cells, our second objective was to study the T-cell surface receptors and the possible intracellular signaling molecules involved in GXM-induced L-selectin shedding.
MATERIALS AND METHODS
Maintenance of endotoxin-free conditions. To prevent lipopolysaccharide (LPS) or endotoxin from influencing the experimental results, all experiments were performed under conditions which minimize endotoxin contamination, as defined previously (12) .
MAbs. The following purified and fluorochrome-conjugated monoclonal antibodies (MAbs) were purchased from Becton Dickinson Immunocytometry System (Mountain View, Calif.): anti-CD28 (mouse immunoglobulin G1 [IgG1]), anti-CD2 (mouse IgG2a), fluorescein isothiocyanate (FITC)-conjugated anti-CD4 (anti-Leu-3a, a mouse IgG1), anti-CD45RA (mouse IgG1), phycoerythrin (PE)-conjugated anti-L-selectin MAb (anti-Leu-8, a mouse IgG2a), and FITCconjugated mouse irrelevant IgG1 and PE-conjugated mouse irrelevant IgG2a for isotype controls. FITC-conjugated goat F(abЈ) 2 anti-mouse IgG, used as a secondary reagent to recognize mouse IgG, was purchased from Caltag Laboratories (South San Francisco, Calif.). Cy-chrome-conjugated anti-CD8 (mouse IgG1) and a similarly labeled irrelevant IgG1 control antibody were purchased from PharMingen (San Diego, Calif.). Anti-CD3 (mouse IgG2a), anti-CD4 (mouse IgG2b), anti-CD11a (mouse IgG1), and anti-CD18 (mouse IgG1) were purified on a G-bind column from supernatants from ATCC hybridoma cell lines CRL8001, CRL8002, HB202, and HB203, respectively. The mouse myeloma proteins MOPC21 (IgG1), MOPC195 (IgG2b), and UPC10 (IgG2a) were obtained from Organon Teknika-Cappel (Malvern, Pa.) and were used as isotype control antibodies.
Chemical reagents. Herbimycin A was obtained from Calbiochem (La Jolla, Calif.). Phorbol myristate acetate (PMA) and staurosporine were purchased from Sigma Chemical Co. (St. Louis, Mo.). All reagents were dissolved in dimethyl sulfoxide and stored at Ϫ20°C. The final concentration of dimethyl sulfoxide used in our experiments was 0.1% or less and did not affect surface L-selectin expression on the T cells.
Preparation of CneF, GXM, GalXM, and MP. CneF was prepared as previously reported by culturing C. neoformans isolate 184A in a defined medium (5). CneF was analyzed by anodic polyacrylamide slab gel electrophoresis, staining of the gels with periodic acid-Schiff's (PAS) stain, and development of blots from the gels with concanavalin A (ConA). In PAS-stained gels, three bands were observed, and in the blot developed with ConA, a broad diffuse band was observed. These results are consistent with the bands expected for GXM, GalXM, and MP (28) . GXM, GalXM, and MP were isolated as previously described (14) . All fractions were subjected to electrophoresis and ConA blotting to determine the efficiency of the fractionation, and then they were lyophilized and reconstituted in endotoxin-free, sterile physiologic saline solution to 2 mg (dry weight) per ml.
Cell lines. The Jurkat (clone E6-1; ATCC TIB 152), J.RT3-T3.5 (ATCC TIB 153), and J.CaM1.6 (ATCC CRL 2063) T-cell lines were maintained in complete medium (CM) consisting of RPMI 1640 with 100 U of penicillin/ml, 100 g of streptomycin/ml, and 10% fetal bovine serum (FBS) (CM plus 10% FBS). The surface phenotype of Jurkat cells is CD3
The J.RT3-T3.5 cells were derived from the E6-1 clone of the Jurkat cell line (40) , and they lack the surface T-cell receptor (TCR)-CD3 complex due to the absence of production of the ␤ chain of the TCR (29, 40) . The J.CaM1.6 line was also derived from the E6-1 clone of the Jurkat line. J.CaM1.6 expresses a structurally normal TCR-CD3 complex but is defective in Lck kinase, a protein tyrosine kinase (PTK) of T cells (36) . The lack of CD3 expression on J.RT3-T3.5 cells and similar expression of CD3 on Jurkat and J.CaM1.6 cells were confirmed at the time of performing each experiment. In addition to confirming the phenotypes of the Jurkat, J.RT3-T3.5, and J.CaM1.6 cells, we also found that Jurkat and J.CaM1.6 cells expressed CD28 on their surfaces but the J.RT3-T3.5 cells did not. Furthermore, the amounts of CD3 and CD28 expressed on Jurkat and J.CaM1.6 cells were similar. The three cell lines were routinely passaged 2 days prior to use.
Human T-cell purification. Human T cells were obtained by the method previously described (27) . Briefly, buffy coats were obtained from the blood of healthy volunteers at the Sylvan E. Goldman Blood Institute (Oklahoma City, Okla.). The peripheral blood mononuclear cells (PBMC) were isolated by centrifugation on Ficoll-Hypaque (Pharmacia Fine Chemicals, Piscataway, N.J.) at 400 ϫ g for 30 min at room temperature. The PBMC either were used for studies of L-selectin on CD4 ϩ and CD8 ϩ cells or were further separated for other studies. For further fractionation, PBMC were suspended in CM plus 10% FBS and incubated in plastic tissue culture flasks for 1 h at 37°C. PBMC that did not adhere to the plastic were further depleted of adherent monocytes and B cells by incubation on nylon wool columns for 1 h at 37°C. The peripheral blood lymphocytes that did not adhere to the nylon-wool were fractionated by centrifugation on three-step discontinuous Percoll (Pharmacia Inc.) gradients to remove NK cells. The T-cell-enriched fraction was suspended in CM without 10% FBS at a concentration of 10 7 cells per ml. The T-cell-enriched fractions were composed of Ͼ92% CD3 ϩ cells, a phenotype characteristic of T cells, and the cells in these fractions were Ͼ95% viable based on trypan blue dye exclusion.
Stimulation of T cells with various reagents. Freshly isolated human peripheral blood T cells or Jurkat, J.RT3-T3.5, or J.CaM1.6 cells (10 6 ) were incubated in 0.5-ml polypropylene microcentrifuge tubes for the designated time (1, 2, or 3 h) at 37°C either in 100 l of RPMI 1640 medium alone or 100 l of PMA (100 ng/ml), LPS (500, 250, 100, 50, 25, or 10 ng/ml), CneF (carbohydrate concentration, 1 mg/ml as determined by phenol sulfuric acid assay), GXM (1, 0.5, or 0.25 mg/ml), GalXM (1, 0.5, or 0.25 mg/ml), or MP (1, 0.5, or 0.25 mg/ml) diluted in RPMI 1640. After culturing the T cells for the designated time with one of the reagents, the T cells were immunostained for surface receptor expression and subjected to flow cytometric analysis. The viability of the T cells was determined by trypan blue exclusion and the MTT (a tetrazolium dye) colorimetric assay after the T cells were incubated separately with one of the reagents for 2 or 3 h at 37°C. There was no significant loss in viability following culture in any of the reagents compared to incubation of the T cells in RPMI 1640 (Ͼ90% viable). After the Jurkat cells were incubated with PMA, GXM, GalXM, or MP for 2 h at 37°C, the supernatants were collected and tested for the presence of soluble L-selectin with an L-selectin enzyme-linked immunosorbent assay (ELISA) kit (Bender MedSystems, Vienna, Austria). The assay was performed according to the kit insert. This ELISA detects soluble L-selectin in concentrations ranging from 0.4 to 25 ng per ml.
Pretreatment of cells with various antibodies. Jurkat T cells (10 6 ) were preincubated for 30 min at 4°C either in 50 l of phosphate-buffered saline (PBS) supplemented with 0.1% bovine serum albumin (BSA) or in 50 l of anti-CD3, anti-CD4, anti-CD28, anti-CD11a, anti-CD18, or an isotype-matched mouse myeloma protein (MOPC21, MOPC195, or UPC10, each at a 20-g/ml final concentration). The concentration of each MAb used in this study exceeded the saturating concentration as determined by flow cytometry. After incubating the Jurkat cells with the MAb, 50 l of serum-free RPMI 1640 medium or 50 l of RPMI 1640 medium containing 1 mg of GXM/ml was added before incubating the mixture for 2 h at 37°C. To compare the effects of anti-CD3 and anti-CD28 MAbs on L-selectin expression on Jurkat cells, J.RT3-T3.5 T cells, and freshly isolated human T cells, each cell population (10 6 ) was preincubated for 30 min at 4°C either in 50 l of PBS supplemented with 0.1% BSA or with 50 l of anti-CD3, anti-CD28, or one of the isotype-matched mouse myeloma proteins UPC10 or MOPC21 (each at a 20-g/ml final concentration). Following the MAb treatment, 50 l of serum-free RPMI 1640 medium was added to the cells and the mixtures were incubated for 2 h at 37°C before the level of L-selectin expression on the cells was detected.
Effects of inhibitors on modulation of L-selectin expression. Jurkat T cells or freshly isolated PBMC (10 6 ) were preincubated in 50 l of CM alone, in 50 l of staurosporine (62.5 ng/ml, final concentration), or in 50 l of herbimycin A (5 or 2.5 g/ml, final concentration) for 30 min at 37°C. Fifty microliters of PMA (100 ng/ml), GXM (1 mg/ml), anti-CD3 MAb (20 g/ml), or an isotype-matched MAb, UPC-10 (20 g/ml), diluted in CM was added to the cells, and the cell mixtures were incubated for 2 h at 37°C.
Immunofluorescence staining for flow cytometric analysis. The medium used throughout the immunofluorescent staining procedures was PBS supplemented with 0.1% BSA and 0.1% sodium azide. For direct immunofluorescent analysis of L-selectin on the surface of freshly isolated human T cells, Jurkat T cells, J.RT3-T3.5 T cells, or J.CaM1.6 T cells, 10 6 cells were incubated for 30 min at 4°C in 50 l of medium containing 0.2 g of PE-conjugated mouse anti-Leu-8 MAb or containing 0.2 g of PE-conjugated mouse irrelevant IgG2a. After three washes in medium, the cells were fixed in 1% (wt/vol) paraformaldehyde in PBS and stored at 4°C in the dark until they were analyzed. For indirect labeling of cells with anti-CD28, -CD2, -CD45RA, or -CD18, 10 6 Jurkat or J.RT3-T3.5 cells were suspended in 50 l of medium with 1 g of goat IgG (Sigma Chemical Co.) for preblocking and were incubated for 30 min at 4°C. After being washed twice in medium, the cells were suspended in 50 l of medium containing 1 g of mouse anti-human CD28 (IgG1) MAb, 0.25 g of mouse anti-human CD2 (IgG2a) MAb, 0.5 g of mouse anti-human CD45RA (IgG1), 1 g of mouse anti-human CD18 (IgG1), 0.5 g or 1 g of MOPC (IgG1) protein, or 0.25 g of UPC10 (IgG2a) and were incubated for 30 min at 4°C. After three washes in medium, the cells were suspended in medium containing 1 g of FITC-conjugated goat F(abЈ) 2 anti-mouse IgG and were incubated for 30 min at 4°C. After another three washes in medium, the cells were fixed and stored as indicated above.
For three-color flow cytometric analysis, human PBMC were collected from the Ficoll-Hypaque gradient, washed twice with PBS, and resuspended in RPMI 1640. The viability of the PBMC was found to be greater than 98% by trypan blue dye exclusion. PBMC (10 6 ) were incubated for 30 min at 4°C in 50 l of medium containing 0.2 g each of PE-conjugated mouse anti-Leu-8 MAb, FITC-conjugated mouse anti-CD4 MAb, and Cy-chrome-conjugated mouse anti-CD8 MAb. For the isotype controls, PBMC were incubated with 0.2 g each of PE-conjugated mouse IgG2a, FITC-conjugated mouse IgG1, and Cy-chrome-conjugated mouse IgG1.
The immunofluorescently stained cells were analyzed with a FACStar 
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Statistical analysis. The mean, standard error of the mean (SEM), and paired or unpaired Student's t test results were used to analyze the data. When two groups were being compared, a P value of Յ0.05 was considered to indicate a significant difference between the groups.
RESULTS
GXM, but not GalXM or MP, induces surface L-selectin loss from human peripheral blood T cells. It has been reported that L-selectin is constitutively expressed on the surface of the majority of peripheral blood T cells from healthy individuals (37) . With PE-conjugated anti-Leu-8 MAb in a direct immunofluorescence assay, we also found that the majority (71% Ϯ 6%; mean results from four healthy individuals) of freshly isolated human blood T cells expressed L-selectin. Culturing blood T cells in RPMI 1640 medium at 37°C for 1 to 3 h did not significantly affect L-selectin expression. Furthermore, when 10 to 500 ng of LPS/ml was added to the medium and the cells were incubated at 37°C for 2 h, L-selectin on the surfaces of the T cells did not diminish (data not shown). In agreement with findings by other investigators (34) , culturing T cells with PMA for 1 h resulted in a dramatic decrease in the amount of cell surface L-selectin. Eighty percent of the cells were L-selectin negative, and the remaining 20% of the cells had very low densities of L-selectin on their surfaces (approximately half of the density found on unstimulated T cells) ( Fig. 1 ). On average, after 1 h of PMA exposure, the density of L-selectin on the total T-cell population was reduced 85%, and culturing the T cells with PMA for another hour resulted in only slightly more reduction in L-selectin ( Fig. 1) . GXM-induced L-selectin loss from human blood T cells was less than that induced by PMA (Fig. 1 ). GXM-induced loss, like PMA-induced loss of L-selectin from T cells, increased slightly between 1 and 2 h, with near-maximal L-selectin loss by 2 h after induction (Fig. 1 ). On average, after 2 h of exposure to GXM at 1 mg/ml, 50% of the T cells were L-selectin negative, with the remaining 50% expressing a level of L-selectin slightly lower than or similar to that observed on unstimulated T cells. The density of L-selectin on the total T-cell population was reduced 50% when GXM at 1 mg/ml was used as the stimulant (Fig. 1 ). GXM at 0.5 mg/ml induced a 24% reduction in L-selectin from the T cells' surfaces, whereas GXM at 0.25 mg/ml did not significantly affect L-selectin expression on T cells. In contrast, neither GalXM nor MP induced L-selectin loss from human blood T cells (Fig. 1) .
Both CD4 ؉ and CD8 ؉ T cells have reduced surface Lselectin after treatment with cryptococcal antigen. Considering that GXM induced complete loss of L-selectin from approximately 50% of the freshly isolated human T cells, we were interested in determining if L-selectin was preferentially lost from CD4 ϩ compared to CD8 ϩ T cells. Using three-color flow cytometric analysis for CD4, CD8, and L-selectin on PBMC either untreated (incubated in medium) or treated with CneF (1 mg/ml), which is approximately 88% GXM (28), we observed that CneF induced both CD4 ϩ and CD8 ϩ T cells to lose L-selectin (Fig. 2) . Loss of L-selectin from CD4 ϩ and CD8 ϩ cells after a 2-h treatment with CneF was assessed on PBMC from 10 different individuals; the mean percent L-selectinpositive CD4 ϩ and CD8 ϩ cells and the mean fluorescence intensity after L-selectin staining of PBMC incubated in medium or in CneF are shown in Fig. 2C . The two subsets of T cells were equally susceptible to cryptococcal antigen-induced L-selectin loss, as indicated by the fact that after CneF treatment 15.2% (the mean of 10 samples) of the CD4 ϩ cells and 22.9% (the mean of 10 samples) of the CD8 ϩ cells totally lost L-selectin. Furthermore, CneF-treated CD4 ϩ and CD8 ϩ T cells that did not completely lose L-selectin were similar with regard to the reduction in mean fluorescence intensity of Lselectin after incubation in CneF (Fig. 2C) .
GXM, but not GalXM or MP, induces surface L-selectin loss from Jurkat T lymphoblastic cells. Jurkat is a human CD4
ϩ -T-cell line that expresses CD3 along with a number of other T-cell surface receptors which are typical of freshly isolated CD4 ϩ human peripheral blood T cells. For instance, Jurkat cells have been shown to resemble normal T cells in many respects (17, 23) . In particular, we found that more than 95% of the Jurkat cells constitutively expressed high levels of L-selectin on their surfaces, and as with freshly isolated human peripheral blood CD4 ϩ T cells, Jurkat cells exposed to PMA for 2 h lost on average 84% of their surface L-selectin (Fig.  3A) . Culturing Jurkat cells with GXM for 2 h resulted in loss of L-selectin ranging from 37 to 60%, with a mean Ϯ SEM of 47% Ϯ 4%. The variation in percent L-selectin loss induced by GXM in different experiments was most likely due to the use of different lots of GXM. Neither GalXM nor MP induced Lselectin loss from Jurkat cells (Fig. 3A) . Based on these data, we established the fact that Jurkat cells were like freshly isolated T cells with respect to loss of L-selectin after stimulation with PMA, GXM, GalXM, or MP.
FIG. 1. GXM, but not GalXM or MP, induces surface L-selectin loss from freshly isolated human peripheral blood T cells. T lymphocytes (10 6 ) were incubated in RPMI 1640 medium alone or with PMA (100 ng/ml), GXM, GalXM, or MP (1 mg/ml) at 37°C for the designated time prior to immunostaining and flow cytometric analysis for L-selectin. y axis, number of cells; x axis, log fluorescence. The shaded areas represent fluorescence patterns after reagent-treated lymphocytes were stained with anti-Leu-8; the unshaded areas represent fluorescence patterns after medium-treated lymphocytes were stained with anti-Leu-8. The data are from one representative experiment of three experiments done with cells obtained from three different donors.
GXM-induced L-selectin loss was due to shedding of Lselectin. It has been reported that loss of L-selectin from the surfaces of T cells induced by PMA is due to proteolytic cleavage of the extracellular region of L-selectin from the cell surface rather than to internalization of L-selectin (34) . To determine if GXM-induced L-selectin loss from T cells was also due to shedding, levels of soluble L-selectin in supernatants from Jurkat cells stimulated with GXM were measured and compared to levels of soluble L-selectin in supernatants from Jurkat cells cultured in medium or stimulated with PMA, GalXM, or MP. The supernatants from Jurkat cells cultured in medium at 37°C for 2 h contained detectable concentrations of soluble L-selectin (Fig. 3B ), suggesting that cell surface proteolysis may be a part of the normal turnover of L-selectin. Stimulation of Jurkat cells with PMA or GXM induced increases in soluble L-selectin in the supernatants (Fig. 3B) corresponding to the loss of surface L-selectin induced by the respective agent (Fig. 3A) . In contrast, incubation of Jurkat cells with GalXM or MP which did not alter the expression of L-selectin on the cell surface (Fig. 3A) did not result in an increase in soluble L-selectin in the supernatants (Fig. 3B) .
Antibodies to CD3, CD4, CD28, CD11a, or CD18 do not block GXM-induced L-selectin loss from T cells. To determine whether GXM might bind to one or more known T-cell surface receptors and induce L-selectin loss via that receptor(s), a panel of MAbs reactive with designated receptors on human T cells was tested for the ability to block GXM-induced L-selectin loss from Jurkat cells. Candidate receptors were chosen primarily on the basis of previous studies suggesting the involvement of the receptors in T-cell activation (25) . As shown in Table 1 , GXM induced 53% loss of L-selectin from the surfaces of Jurkat cells. None of the irrelevant isotype control MAbs nor antibodies to CD11a, CD18, or CD4 significantly affected surface L-selectin expression on Jurkat cells. Furthermore, neither irrelevant isotype control MAbs nor antibodies to CD11a, CD18, or CD4 blocked GXM-induced L-selectin loss from Jurkat cells (Table 1) . In contrast, anti-CD3 and anti-CD28 MAbs independently were able to trigger loss of L-selectin from Jurkat cells (Table 1) . Anti-CD3 MAb induced a greater reduction in L-selectin than did anti-CD28 MAb. The level of L-selectin loss in response to GXM was intermediate to those induced by anti-CD3 and anti-CD28 (Table 1) . Anti-CD28 did not block GXM-induced L-selectin loss. In fact, when Jurkat cells were treated with anti-CD28 MAb and GXM, more L-selectin was lost from the Jurkat cells than was lost with either reagent alone ( Table 1) . Anti-CD3 MAb stimulated a greater loss of L-selectin than was stimulated by GXM. When Jurkat cells were treated with anti-CD3 and GXM together, the loss of L-selectin was no greater than when Jurkat cells were stimulated with anti-CD3 alone (Table 1) . In other words, anti-CD3 MAb and GXM did not have additive effects on Jurkat cells with respect to loss of L-selectin. Several explanations can be given for this finding. First, GXM and anti-CD3 could be engaging the same receptor at different sites. Second, anti-CD3 could be blocking GXM binding to its ligand but at the same time signaling the cells to shed L-selectin. Third, anti-CD3 could be stimulating the maximum amount of L-selectin loss possible and therefore the effects of GXM would be lost. In the third case, GXM could be binding to a different receptor than CD3. To assess whether anti-CD3 and GXM were binding to the same site, we performed binding assays and did flow cytometric analysis. We found that GXM did not affect anti-CD3 MAb binding to Jurkat cells and anti-CD3 MAb did not block binding of radioisotope-labeled CneF, which is 88% GXM, to Jurkat cells (data not shown). Consequently, we excluded the second possibility.
Effects of staurosporine, a PKC inhibitor, on GXM-induced L-selectin loss. It has been reported that the density of surface L-selectin on lymphocytes is regulated by signaling through C-type protein kinases (23) . Selective pharmacological activation of this pathway with phorbol esters, such as PMA, results in L-selectin shedding from lymphocytes within minutes after stimulation, and L-selectin does not reappear on the surfaces of the lymphocytes for several hours (23) . To determine whether GXM-induced L-selectin loss was via activation of signaling mediated by protein kinase C (PKC), a PKC inhibitor, staurosporine, which has been found to block PMA-induced L-selectin loss from the lymph node cells of mice, was used in this study (20) . In preliminary experiments, we found that staurosporine at 125 ng/ml or more blocked PMA-induced L-selectin loss from Jurkat cells but also was toxic to Jurkat cells after a 2.5-h incubation. Through further studies, we found that staurosporine over a limited range of concentrations, which included the concentration (62.5 ng/ml) used in the studies shown in Fig. 4 , did not significantly affect the viability or the surface expression of L-selectin on Jurkat cells but did completely block PMA-induced L-selectin loss. In the presence of staurosporine (62.5 ng/ml), the loss of L-selectin induced by anti-CD3 MAb was reduced; however, staurosporine did not affect the level of GXM-induced L-selectin loss. These results suggest that anti-CD3 MAb stimulates L-selectin loss via a pathway which includes PKC, whereas the pathway through which GXM signals L-selectin loss is not dependent on PKC.
Effects of herbimycin A, a PTK inhibitor, on GXM-induced L-selectin loss. It is well documented that TCR-CD3 complexdriven T-cell proliferation involves a group of PTKs (39).
Therefore, it is possible that engagement of CD3 by anti-CD3 MAb to induce L-selectin loss is also directed via a pathway involving PTK. Likewise, it is possible that PTK might be a participant in the pathway controlling GXM-induced L-selectin loss. To address these possibilities, a PTK inhibitor, herbimycin A, was added at two different concentrations to Jurkat cells stimulated with PMA, anti-CD3, or GXM. Also included in these experiments were controls in which Jurkat cells were incubated with each of the two concentrations of herbimycin A. Neither concentration of herbimycin A alone induced measurable changes in L-selectin on the surfaces of Jurkat cells (data not shown), and neither concentration affected PMAinduced loss of L-selectin (Fig. 5 ). These data demonstrate that herbimycin A does not induce L-selectin loss and that herbimycin A does not block signaling pathways in which PTK is not a component. When herbimycin A was incubated for 30 min with Jurkat cells before the Jurkat cells were stimulated with anti-CD3 MAb or GXM for an additional 2 h, the loss of L-selectin from the surfaces of the Jurkat cells was partially blocked (Fig. 5) . When the time for which Jurkat cells were incubated with herbimycin A was increased from 30 min to 4 h, anti-CD3-induced L-selectin loss was inhibited to a greater extent; however, increasing the preincubation time with herbimycin A did not alter the GXM-induced L-selectin loss from the Jurkat cells (data not shown).
To confirm the effects of herbimycin A on GXM-induced L-selectin loss in T cells and to assess whether PTK was in the signaling pathway of CneF-induced L-selectin loss from freshly FIG. 4 . Effects of a PKC inhibitor, staurosporine (62.5 ng/ml), on PMA-, anti-CD3-, and GXM-induced L-selectin loss from Jurkat T cells. Jurkat cells were preincubated with RPMI 1640 medium or staurosporine at 37°C for 30 min, followed by stimulation with PMA (100 ng/ml), anti-CD3 (20 g/ml), or GXM (1 mg/ml) at 37°C for 2 h. The Jurkat cells were then stained with anti-Leu-8 MAb to determine the level of L-selectin expression. The data are from one representative experiment of three. a The Jurkat cells were preincubated at 4°C for 30 min with irrelevant isotype control MAb MOPC21, MOPC195, or UPC10 or with one of various MAbs to a T-cell surface receptor. After incubation, serum-free RPMI 1640 medium or GXM (1 mg/ml) was added and the T cells were incubated for an additional 2 h at 37°C. Expression of surface L-selectin was measured by immunofluorescence staining with flow cytometric analysis. The data are from one experiment representive of the two experiments performed.
b Values in parentheses indicate the percent reduction in intensity of L-selectin on Jurkat cells after stimulation as compared to that of Jurkat cells after incubation in medium.
isolated human CD4 ϩ and CD8 ϩ T cells, we repeated the herbimycin A experiments, replacing Jurkat cells with freshly isolated T cells. Herbimycin A at both concentrations used (2.5 and 5.0 g/ml) partially but significantly blocked loss of Lselectin induced by anti-CD3 from CD4 ϩ T cells (Fig. 6A) . The higher concentration of herbimycin A significantly reduced the level of L-selectin loss from CD4 ϩ cells incubated in CneF. In contrast to CD4 ϩ cells, neither concentration of herbimycin A affected L-selectin loss from CD8 ϩ cells stimulated with anti-CD3 MAb; however, the 5.0-g/ml concentration of herbimycin A did significantly reduce loss of L-selectin from CD8 ϩ T cells stimulated with CneF (Fig. 6B) . The large error bars in the figure result from the large variance in L-selectin loss from one individual to another; however, in all cases where we obtained significant differences we noted that herbimycin A inhibited to some degree the loss of L-selectin and that inhibition was significant at a 95%-or-greater confidence level.
Assessment of surface L-selectin after stimulation of Jurkat, J.RT3-T3.5, and J.CaM1.6 T cells with GXM or CneF. Having found that Jurkat cells treated with anti-CD3 did not shed additional L-selectin when stimulated with GXM (Table 1) , we were interested in whether GXM could induce loss of L-selectin in a Jurkat mutant cell line, J.RT3-T3.5, which is defective in expression of the TCR-CD3 complex (29, 40) , and in J.CaM1.6, which has normal TCR-CD3 complex expression but defective Lck kinase (36) . Before determining if the TCR-CD3 complex influenced GXM-induced L-selectin loss from T cells, it was necessary to demonstrate that the expression of L-selectin was equivalent on Jurkat, J.RT3-T3.5, and J.CaM1.6 cells. The surface densities of L-selectin on Jurkat, J.RT3-T3.5, and J.CaM1.6 cells were comparable. The loss of L-selectin in Jurkat, J.RT3-T3.5, and J.CaM1.6 cells after treatment with PMA or CneF was compared in six additional experiments. PMA-induced losses of L-selectin, which are dependent on PKC in the signaling pathway, were similar in the Jurkat and J.RT3-T3.5 cell lines, as one might predict (Table 2) ; however, PMA-induced loss of L-selectin in the J.CaM1.6 cell line was significantly higher than that in the Jurkat or J.RT3-T3.5 cell line (P Ͻ 0.008) (data not shown). There was no significant difference between the Jurkat and J.CaM1.6 cell lines with regard to L-selectin loss in response to CneF. In contrast, CneF induced a significantly higher level of L-selectin loss from Jurkat cells (51.8% Ϯ 7.1% reduction) and J.CaM1.6 cells (56.5% Ϯ 8.3% reduction) than from J.RT3-T3.5 cells (33.5% Ϯ 6.0% reduction) (P Ͻ 0.03 in a paired t test). Consistent with our earlier results, neither GalXM nor MP had an effect on L-selectin expression on either the Jurkat or J.RT3-T3.5 cell line (Table 2) .
To our surprise, we also found that CD28 was lacking on J.RT3-T3.5 cells (Table 2) . At first glance, it may seem that the absence of both CD28 and CD3 on the surfaces of J.RT3-T3.5 cells might complicate the interpretation of data on GXMinduced loss of L-selectin from this mutant line. However, the data in Table 1 demonstrate that anti-CD28 was unable to block GXM-induced loss of L-selectin from Jurkat cells which display CD28 on their surfaces. In fact, anti-CD28 MAb had an additive effect along with GXM on the loss of L-selectin from the surfaces of Jurkat cells, indicating that GXM most likely was not signaling through CD28 to induce L-selectin loss. Consequently, it is highly unlikely that the lack of CD28 expression on J.RT3-T3.5 cells would affect GXM-induced L-selectin loss, but rather any effects on L-selectin loss after stimulation with GXM would be more likely to be associated with the lack of the TCR-CD3 complex.
Several controls were included in our studies to demonstrate that the Jurkat and J.RT3-T3.5 cells were behaving as expected and were similar in their behavior to freshly isolated human T cells. We observed that PMA stimulated 78% loss of L-selectin from Jurkat cells, 87% loss from J.RT3-T3.5 cells, and 88% loss from freshly isolated human T cells, whereas anti-CD3 stimulated 70% loss of L-selectin from Jurkat cells and 61% loss from freshly isolated human T cells but did not affect the L-selectin levels on J.RT3-T3.5 cells that lacked CD3. Similarly, anti-CD28 stimulated 28% loss of L-selectin from Jurkat cells and 16% loss from freshly isolated human T cells but did not affect surface L-selectin on J.RT3-T3.5 cells which did not have CD28.
Effects of GXM, GalXM, or MP on expression of CD28, CD45RA, CD2, and CD18 on Jurkat and J.RT3-T3.5 cells. To determine whether GXM affects the expression of other T-cell surface receptors, such as CD28, CD45RA, CD2, or CD18, the densities of these receptors were measured on the surfaces of both cell lines after incubation with either medium or GXM for 2 h. Candidate receptors were chosen for this study primarily on the basis of reports that these receptors were up-or down-regulated during T-cell activation (18, 37) . As shown in Table 2 , GXM did not modulate the level of CD28, CD45RA, or CD18 but slightly up-regulated CD2 and significantly downregulated L-selectin expression. Similar results were obtained when PMA was used as a stimulant for Jurkat and J.RT3-T3.5 cells. Neither GalXM nor MP influenced the expression of any of the surface receptors analyzed.
DISCUSSION
L-selectin (also termed Leu-8, TQ1, LECAM-1, and LAM-1) is a well-characterized adhesion molecule expressed on circulating leukocytes, including lymphocytes, neutrophils, monocytes, and eosinophils (22, 37) . A unique feature of Lselectin is that it is shed from leukocyte surfaces after cellular activation (34) . Proteolytic cleavage of the extracellular region of L-selectin results in the formation of soluble L-selectin, which has been proposed to have regulatory functions (34) . PMA, calcium ionophore, anti-CD3, and mitogenic lectins have been found to trigger L-selectin shedding from the surfaces of T cells within minutes to several hours after stimulation (6, 21, 24) . However, exposure of blood lymphocytes to biologically active concentrations of LPS or several different cytokines, including interleukin-1 (IL-1), IL-3, IL-4, IL-5, IL-6, gamma interferon, granulocyte-macrophage colony stimulating factor, and tumor necrosis factor fails to significantly alter cell surface L-selectin expression over a 24-h period (37) . In the present study, we confirmed that LPS has no effect on L-selectin expression on T lymphocytes whereas PMA or anti-CD3 MAb triggers T cells to lose L-selectin. Furthermore, we demonstrated that a well-characterized polysaccharide, termed GXM, from the yeast-like organism C. neoformans also modulates L-selectin expression on T cells.
In contrast to PMA-induced loss of L-selectin from T cells, GXM-induced loss of L-selectin from human peripheral blood T cells displays a distinct pattern. After T cells were treated with PMA, 80% of the cells completely shed L-selectin, with the remaining 20% expressing half the level of L-selectin expressed on unstimulated T cells. These data imply that almost all T cells are affected by PMA. Because all T cells have PKC, the target of PMA, our finding that PMA causes L-selectin loss from all T cells is not unexpected. In contrast to PMA, GXM stimulates only about 50% of T cells to completely shed Lselectin, whereas the other 50% of T cells either do not shed L-selectin or shed only a small amount. These findings suggested to us that possibly a subset of T cells, such as CD4 ϩ or CD8 ϩ T cells, were shedding L-selectin in response to GXM. When this question was addressed with three-color flow cytometric analysis of freshly isolated human PBMC, we found that CD4 ϩ and CD8 ϩ T cells have similar patterns of L-selectin loss in response to CneF, which is 88% GXM (9, 28) . Between 15 and 23% of the CD4 ϩ and CD8 ϩ T cells completely shed L-selectin, whereas the remaining cells lost none or only a part of their surface L-selectin. Although it is clear that CD4 ϩ and CD8 ϩ T cells shed L-selectin in similar patterns after stimulation with CneF, at the present time it is still uncertain whether the populations of CD4 ϩ and CD8 ϩ T cells that completely shed L-selectin represent specific subsets distinct from the cells that only partially shed or did not shed L-selectin in response to GXM.
Surface L-selectin on normal T cells is implicated in lymphocyte homing and the extravasation of cells into areas of inflammation (22) . L-selectin initiates the trafficking of lymphocytes to the lymph nodes by binding to unique carbohydrates on at least two mucin-like ligands, GlyCAM-1 and CD34 (3, 24) . If lymphocytes in the blood stream have reduced L-selectin, then induction of the cell-mediated immune response may be greatly reduced (38) . L-selectin may also play an important role in the recruitment of naive T cells to sites of inflammation in vivo (8, 38) . In this regard, the expression of T-cell-mediated immunity, such as DTH responses, and protection against infection may depend in part on L-selectinmediated T-cell recruitment. However, it is important to mention that the idea of L-selectin functioning in this latter capacity has not met with universal acceptance. If L-selectin is induced to be completely shed from the surfaces of specific subsets of T lymphocytes by intravascular GXM, then those a Ju, Jurkat; JR, J.RT3-T3.5. The T cells (10 6 ) were incubated for 2 h at 37°C with 100 ng of PMA/ml or 1 mg of GXM, GalXM, or MP/ml in serum-free RPMI 1640 medium. CD28, CD45RA, CD2, CD18, or L-selectin expression on the two T-cell lines was determined by immunofluorescence staining with the designated antibody and subjecting the cells to flow cytometric analysis. The data are from one experiment representative of the two experiments performed.
subsets would not move from the bloodstream to lymph nodes and possibly would not move to the site of acute inflammation or a DTH reaction. In addition, partial reduction in L-selectin on the T cells' surfaces could also affect the migration of the affected T cells by reducing their rolling on the endothelial cell surface and thus could diminish the subsequent migration of the T cells into the tissues.
GXM-induced shedding of L-selectin from T cells may play an important role in the pathogenesis of cryptococcosis. First, GXM is a major capsular polysaccharide of C. neoformans and can readily be detected in sera of patients with disseminated cryptococcosis (9) . Cryptococcal polysaccharide (mainly GXM) titers in sera from patients with cryptococcosis who do not have AIDS typically range from 1:64 to 1:1,028 (11) . In AIDS patients with cryptococcosis, titers of cryptococcal polysaccharides (mainly GXM) in both spinal fluid and serum generally are higher than titers in cryptococcosis patients who do not have AIDS. There are reports of cryptococcal antigen titers exceeding 1:100,000 (equivalent to approximately 1 mg of cryptococcal polysaccharides per ml) (15) . With therapy, cryptococcal polysaccharide levels in the spinal fluid of patients with AIDS show decreases at predictable rates (15) . However, serum cryptococcal polysaccharide levels do not usually decrease greatly (15) . Consequently, in some AIDS patients with disseminated cryptococcosis, there is a sufficient amount of cryptococcal polysaccharide in serum to induce the shedding of L-selectin from lymphocytes. In vivo, concentrations of cryptococcal polysaccharides may be higher in regional blood vessels where the polysaccharide is entering the bloodstream than is detected in serum samples from the patients with cryptococcosis. Leukocytes encountering the high concentrations of cryptococcal polysaccharide in regional vessels might shed Lselectin to a greater extent than would be predicted from the serum cryptococcal antigen levels. Also, prolonged exposure to cryptococcal polysaccharide in vivo may cause extensive shedding of L-selectin. Preliminary data from our studies have demonstrated that all leukocyte types (including T lymphocytes) from four AIDS patients with disseminated cryptococcosis display significantly lower amounts of surface L-selectin than do leukocytes from healthy individuals (unpublished data). Furthermore, simulation of antigenemia in mice by injecting CneF intravenously results in limited leukocyte influx into inflammatory sites (13) . Second, it has been demonstrated that T-cell-mediated immunity is essential for clearance of C. neoformans from the infected host (26). As mentioned above, both the induction and the expression of T-cell-mediated immunity appear to depend on L-selectin-mediated T-cell homing and recruitment into the reaction sites (35) . Therefore, it is reasonable to predict that circulating GXM, by inducing the shedding of L-selectin from the surfaces of blood T cells, modulates anticryptococcal T-cell-mediated immunity. In fact, in our previous studies, we have shown that an intravenous injection of GXM into mice inhibits the accumulation of leukocytes, including T cells, at sites of anticryptococcal DTH response (13) .
One objective of this study was to determine how GXM induces surface L-selectin shedding from T cells. It has been reported that the loss of leukocyte L-selectin can be induced either by cellular activators (an activation-dependent mechanism) (20) or by cross-linking of L-selectin with a chemical cross-linker or specific MAbs (an activation-independent mechanism) (30) . In this study, we found that GXM-induced L-selectin loss from Jurkat cells and freshly isolated human CD4 ϩ and CD8 ϩ T cells is blocked in part by a PTK inhibitor, herbimycin A, indicating that GXM induces L-selectin shedding from T cells mainly by an activation-dependent mechanism. Furthermore, it has previously been reported by others that the loss of L-selectin expression after treatment of blood lymphocytes with PMA was accompanied by an increase in the density of CD2 expressed on the cell surface (37) . In this study, we found that treatment of Jurkat cells with PMA for 2 h induced a reduction in L-selectin, with a slight increase in CD2 expression. Similar results were obtained when Jurkat cells were treated with GXM. The ability of GXM to induce a slight increase in CD2 expression also suggests that GXM activates T cells.
Activation-dependent down-regulation of L-selectin expression on T cells is a well-known phenomenon (22) . However, the signaling pathway that regulates L-selectin expression on T cells is poorly understood (22) . PKC has been reported to participate in down-regulation of L-selectin expression on T cells (23) . In agreement with these findings (23) , in this study, we found that a PKC activator, PMA, can reduce L-selectin expression by about 80 to 85% on both freshly isolated human peripheral T cells and Jurkat cells. Furthermore, a PKC inhibitor, staurosporine, blocks PMA-induced L-selectin loss.
In addition to showing that anti-CD3 MAb can induce Lselectin loss, we also found that engagement of CD28 by specific anti-CD28 MAb induced L-selectin loss from T cells, implying that activation of T cells via CD28 induces L-selectin loss. The support for this statement comes from the following observations. First, in the same experiment, both isotypematched irrelevant control MAb (IgG1) and anti-CD11a (IgG1) and anti-CD18 (IgG1) MAbs did not affect L-selectin expression; however, anti-CD28 (IgG1) MAb induced a reduction in surface L-selectin. Second, the anti-CD28 MAb-induced L-selectin loss correlated directly with the density of surface CD28 on the T cells before stimulation. For example, Jurkat cells and freshly isolated human T cells express CD28 and show a significant loss of L-selectin when treated with anti-CD28 MAb whereas J.RT3-T3.5 cells do not express detectable levels of surface CD28 and do not lose surface Lselectin when stimulated with anti-CD28 MAb. To our knowledge, these data are the first demonstration of anti-CD28 MAb inducing L-selectin loss from T cells. These results are not surprising when one considers that CD28 is a well-characterized costimulation receptor for T-cell activation and proliferation (4). Unfortunately, in this study, we did not determine the signaling pathway for anti-CD28 MAb-induced L-selectin loss. However, since anti-CD28 MAb and GXM had additive effects in inducing L-selectin loss from Jurkat cells, it is reasonable to predict that anti-CD28-induced L-selectin loss is mediated by a different signaling pathway than that used by GXM.
To dissect GXM signaling in the induction of L-selectin loss, we assessed the abilities of PTK and PKC inhibitors to interfere with induction of L-selectin shedding by GXM. In designing and performing these experiments, we were cautious about several parameters. First, we chose a panel of well-characterized and extensively used inhibitors of components in signaling pathways. Second, we examined the effects of each inhibitor alone at different concentrations on cell viability and on Lselectin expression. Inhibitors that altered cell viability and/or affected L-selectin expression were not used in the experiments. Finally, in each experiment, we included at least one positive control to check whether the inhibitor worked under the conditions we were using. We compared data obtained with the designated inhibitors added to Jurkat cells stimulated with anti-CD3 or PMA to results obtained with the inhibitors added to Jurkat cells stimulated with GXM. Our results suggest that both anti-CD3-and GXM-induced loss of L-selectin are signaled at least in part through a pathway involving a PTK. Herbimycin A has been reported to inhibit the T-cell PTKs Lck and Fyn, so it is likely that Lck and/or Fyn are in the GXMinduced signaling pathway for loss of L-selectin from T cells (19) . The possibility of a need for Lck to be functional in the CneF-induced signaling pathway for L-selectin loss was eliminated by the fact that CneF (88% GXM) induced J.CaM1.6 cells, which lack Lck expression (36) , to shed L-selectin to the same degree as the CneF-induced shedding of L-selectin seen in Jurkat cells, which have surface receptor expression similar to that of J.CaM1.6 cells and which have normal Lck function.
In an attempt to identify the GXM receptor(s) which is involved in GXM-induced L-selectin loss, a panel of MAbs reactive with receptors on human T cells was tested for the ability to inhibit GXM-induced L-selectin loss. We did not find a MAb that blocked GXM-induced L-selectin loss. However, the results must be interpreted with great caution, as the MAb may not block the relevant epitope on the receptor to which GXM binds. Consequently, at the present time, we still do not know which molecule(s) on the T-cell surface can bind GXM and mediate GXM-induced L-selectin loss.
In summary, in our earlier study, we showed that GXM, but not GalXM or MP, can induce surface L-selectin shedding from human neutrophils (12) . In the present study, we found that GXM displayed similar modulating effects on L-selectin expression on both human peripheral blood CD4 ϩ and CD8 ϩ T cells and the Jurkat CD4 ϩ T-cell lines. Peripheral blood neutrophils lacking L-selectin are not expected to migrate into inflammatory tissues (1), whereas naive T cells lacking L-selectin are not expected to migrate into peripheral lymph nodes and/or inflammatory tissues (22) . In the presence of high levels of cryptococcal polysaccharides, especially GXM, as is found in sera of patients with disseminated cryptococcosis, we would expect to see a profound effect on the migration and location of leukocytes. Indeed, there is very limited cellular infiltration into infected tissues in disseminated cryptococcosis (16) . The mechanisms responsible for GXM-induced L-selectin loss from T cells were partly characterized. GXM-induced L-selectin loss from T cells is mainly due to an activation-dependent mechanism(s). More than one signal transduction pathway appears to be operating in GXM-induced L-selectin loss. GXMinduced L-selectin loss does not require activation of PKC. One or more unidentified PTKs which do not include Lck appear to be in the signal transduction pathway induced by GXM that results in L-selectin loss from human T cells. These findings have general implications for studies involving characterization of the molecular basis for modulation of L-selectin on T cells as well as implications for effects of circulating GXM on T-cell extravasation.
